comprised predominantly anteiso-C 15 : 0 , C 16 : 0 , anteiso-C 17 : 0 and iso-C 16 : 0 . Menaquinone 7 (MK-7) was identified as the sole respiratory quinone and the genomic DNA G+C content was 42.7 mol%. Polar lipids included diphosphatidylglycerol, phosphatidylglycerol, phosphatidylmonomethylethanolamine, phosphatidylethanolamine, an unidentified glycolipid and an unidentified lipid. The diagnostic diamino acid found in the cell-wall peptidoglycan was meso-diaminopimelic acid. Based on the polyphasic taxonomic evidence that was in line with the genus Paenibacillus and additional distinguishing characteristics, strain CC-Alfalfa-19 T is considered to represent a novel species, for which the name Paenibacillus medicaginis sp. nov.
The genus Paenibacillus was first described by Ash et al. (1993) to accommodate members of '16S rRNA group 3' bacilli. The genus description was subsequently emended by Shida et al. (1997) during reclassification of several species of the genus Bacillus under the genus Paenibacillus.
Most members of the genus Paenibacillus display the following characteristics (Priest, 2009 ): cells are Gram-stainpositive, rod-shaped and endospore-forming; aerobic or facultatively anaerobic in metabolism; exhibit motility by means of peritrichous flagella; the diamino acid of the cell-wall peptidoglycan is meso-diaminopimelic acid; menaquinone 7 (MK-7) is the major respiratory quinone and anteiso-C 15 : 0 is the predominant cellular fatty acid. Cells may possess phosphatidylmonomethylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, unidentified glycolipids and unidentified phospholipids as polar lipids (Carro et al., 2013 (Carro et al., , 2014 Glaeser et al., 2013; Kämpfer et al., 2006; Kittiwongwattana & Thawai, 2014; Valverde et al., 2010) .
At the time of writing, the genus Paenibacillus accommodates 162 species with validly published names and four subspecies (http://www.bacterio.net/paenibacillus.html). The representatives of the genus Paenibacillus were isolated and characterized from various sources including human urine (Roux et al., 2008) and a necrotic wound (Glaeser et al., 2013) , food packaging-board (Suominen et al., 2003) , a paper mill (Kämpfer et al., 2012) , marine sediment , humus (Elo et al., 2001) , soil (Park et al., 2007; Yoon et al., 2007) , plant roots (Kim et al., 2004) and surface-sterilized plant tissues (Carro et al., 2013 (Carro et al., , 2014 Kittiwongwattana & Thawai, 2014; Valverde et al., 2010) . Here, we investigated the taxonomic position of a chitinolytic endophyte, designated strain CC-Alfalfa-19 T , isolated from root nodules of alfalfa (Medicago sativa L.).
A healthy flowering plant of alfalfa was collected from an agricultural field affiliated to the Livestock Research Institute, located at Xinhua district, Tainan city, Taiwan. The plant roots were exposed to running tap water to remove root-adhered soil. The root nodules were carefully excised and immersed in 95 % (v/v) ethanol for 10 s and in 10 % (v/v) sodium hypochlorite solution for 4 min. These root nodules were further washed five times with sterile distilled water and placed aseptically on to CASO agar (Merck) and squeezed. This culture plate was incubated at 30 8C for 7 days. A non-pigmented colony of strain CC-Alfalfa-19 T was isolated from the periphery of a squeezed nodule and purified after repeated streaking on YMA (Vincent, 1970) . In parallel, some of the disinfected entire nodules were incubated in the same medium to ensure surface disinfection. The purified strain cultured in CASO broth was preserved as a 30 % (v/v) glycerol suspension at 280 8C. Paenibacillus elgii DSM 22254 T , Paenibacillus stellifer DSM 14472 T , Paenibacillus urinalis CCUG 53521 T and Paenibacillus polymyxa BCRC 11168 T (type species) were purchased and direct comparative taxonomic investigations were made according to the published guidelines and minimal standards (Tindall et al., 2010; Logan et al., 2009) . All the strains were cultivated on CASO agar or in CASO broth for 2 days at 30 8C, unless specified otherwise.
Bacterial genomic DNA was isolated using an UltraClean Microbial Genomic DNA isolation kit (MO BIO) according to manufacturer's instructions. The 16S rRNA gene was amplified via PCR using bacterial universal primers 1F (59-GAGTTTGATCATGGCTCAGA-39) and 9R (59-AAG-GAGGTGATCCAACCGCA-39) (Edwards et al., 1989) . 16S rRNA gene sequencing (using 1F and 9R) was performed by using a Bigdye terminator kit (Heiner et al., 1998) , and the nucleotide sequence was determined by an automatic DNA sequencer (ABI PRISM 310, Applied Biosystems) (Watts & MacBeath, 2001 ). The pairwise 16S rRNA gene sequence similarity was calculated using EzTaxon-e (Kim et al., 2012) . Reference 16S rRNA gene sequences were retrieved from the EzTaxon-e server and aligned through CLUSTAL X (1.83) (Thompson et al., 1997) . Phylogenetic analyses were carried out by using MEGA 5.0 software (Tamura et al., 2011) . A distance matrix method (distance options according to the Kimura two-parameter model; Kimura, 1980) including clustering by neighbour-joining (Saitou and Nei 1987) , a discrete character-based maximum-parsimony (Fitch 1971) and maximum-likelihood (Felsenstein 1981 ) methods were used. The topologies of the trees were evaluated by using a bootstrap resampling method based on 1000 replications (Felsenstein 1985) .
The amplified 16S rRNA gene of strain CC-Alfalfa-19 T contained 1528 nt. Strain CC- T was found to share highest pairwise 16S rRNA gene sequence similarities with Paenibacillus puldeungensis CAU 9324 T (95.2 %), whereas other species of the genus Paenibacillus shared ,95.0 % sequence similarity. The similarity values were well below the cut-off (97.0 %) that has been outlined for species distinction (Tindall et al., 2010) , indicating the possibility of a novel species represented by strain CC- T . Accordingly, strain CC-Alfalfa-19 T was found to form a distinct phyletic lineage associated with species of the genus Paenibacillus (Fig. 1) . Since strain CC- T was unable to exhibit reliable phylogenetic clustering with any established species, type strains affiliated to four different neighbouring clades of the genus Paenibacillus were chosen for direct comparative taxonomic analysis.
The following tests were performed exclusively on the novel strain. The Gram reaction of strain CC- T was determined according to Murray et al. (1994) . Cell morphology including the presence of flagella was determined by placing the cells (1-2 days old) on a carbon-coated copper grid followed by staining with 0.2 % uranyl acetate for 5-10 s, brief air-drying and observation under a transmission electron microscope (JEM-1400, JEOL). The presence of endospores was determined by phase-contrast microscopy (model A3000, Zeiss) after malachite-green staining (Smibert & Krieg, 1994) of cells grown on CASO agar supplemented with MnSO 4 (40 mg l -1 ) for 7 days. Growth at 10, 15, 20, 25, 30, 37, 40, 45, 50 and 55 8C was tested in CASO broth after 72 h of incubation. The pH range (5-10) for growth was determined in CASO broth that was adjusted before sterilization using appropriate buffers. The requirement for NaCl was tested on R2A (BD Difco) supplemented with 0-10 % (w/v) NaCl (at 1 % intervals). Anaerobic growth at 30 8C for 7 days was tested on CASO agar supplemented with 0.1 % (w/v) potassium nitrate using an anaerobic chamber (COY; N 2 / CO 2 /H 2 , 76 : 19 : 5). Aerobic growth was tested on various media such as nutrient agar (NA; BD Difco and HiMedia), R2A, tryptic soy agar (TSA; BBL and BD Difco), marine agar (MA; BD Difco and HiMedia) and triple-sugar iron agar (TSI; BD Difco). Hydrolysis of starch (0.2 %, w/v), casein (1.0 % skimmed milk, w/v), colloidal chitin (1.0 %, v/v), CM-cellulose (1.0 %, w/v) and xylan (1.0 %, w/v) was tested on MA (BD Difco). Degradation was revealed by the formation of a clear zone around colonies either directly or after flooding with appropriate stains (Smibert & Krieg, 1994; Teather & Wood, 1982) .
The following tests were performed on the new isolate and the four reference strains. Catalase activity was determined by assessing bubble production by cells in 3 % (v/v) H 2 O 2 . N,N,N9,N9-tetramethyl-1,4-phenylenediamine reagent (bioMérieux) was used to assess the oxidase activity. Motility was tested by placing the cells on CASO plates supplemented with 0.3, 0.5 and 1.0 % agar followed by incubation at 30 8C for 48 h. A hydrolytic assay was performed using CASO agar supplemented with Tween 20 or Tween 80 (each 1.0 %, v/v). Cells were inoculated on to API ZYM, API 20 NE, API 20 E and API 50 CH strips (bioMérieux) according to the manufacturer's instructions for biochemical analysis.
Cells of strain CC-Alfalfa-19
T were short-rods (1.5-1.860.8-0.9 mm), which lacked pili or flagella; however, cells displayed unusual bipolar tufts of appendages with varying lengths ranging from 2.8 to 3.5 mm (Fig.  S1 available in the online Supplementary Material). Unlike the type strain of the type species of the genus Paenibacillus, P. polymyxa BCRC 11168 T , strain CCAlfalfa-19
T was found to be non-motile on semisolid CASO agar (Fig. S2) . Thus, we presume that the appendages could be possibly involved in surface adhesion. A few species such as Paenibacillus soli, Paenibacillus ginsengarvi and Paenibacillus oceanisediminis have been reported to be non-motile Park et al., 2007; Yoon et al., 2007) . Cells of strain CC-
Alfalfa-19
T produced centrally placed, ellipsoidal endospores in swollen sporangia (Fig. S3 ) and exhibited strong chitinolytic activity (Fig. S4) . Other characteristics of strain CC- T are listed in the species description.
All strains tested were positive for the following characteristics: activity of catalase and b-galactosidase; hydrolysis of p-nitrophenyl-b-D-galactopyranoside, aesculin and gelatin; acid production from D-xylose, D-glucose, D-mannose, D-mannitol, cellobiose and maltose; and citrate utilization. All strains were negative for the following characteristics: activity of oxidase, arginine dihydrolase, ornithine decarboxylase, tryptophan deaminase, alkaline phosphatase, lipase (C14), valine Table 1. For cellular fatty acid analysis, the fatty acid methyl esters of strain CC-Alfalfa-19
T and reference strains were extracted from cells cultivated on CASO agar at 30 8C for 3 days. Cell samples were harvested during the exponential growth phase, subjected to saponification, methylation and extraction as described by Kämpfer & Kroppenstedt (1996) and analysed by gas chromatography (model 7890A, Agilent). Peaks were integrated automatically, and fatty acid names and percentages were determined using the microbial identification standard software package MIDI (version 6) (Sasser, 1990) by adopting the database RTSBA6.
Fatty acids comprised predominant amounts of anteiso-C 15 : 0 (45.8 %) followed by C 16 : 0 (19.0 %), anteiso-C 17 : 0 (11.9 %) and iso-C 16 : 0 (9.9 %) (Table S1 ). All five strains analysed consistently possessed major (.5 % of the total fatty acids) amounts of C 16 : 0 , anteiso-C 15 : 0 and iso-C 16 : 0 . The fatty acids C 14 : 0 , C 15 : 0 , iso-C 16 : 0 , anteiso-C 17 : 0 and iso-C 17 : 1 v10c showed significant quantitative variations among the five strains. The predominance of anteiso-C 15 : 0 has been documented in the majority of the species of the genus Paenibacillus (Carro et al., 2013 (Carro et al., , 2014 Elo et al., 2001; Glaeser et al., 2013; Kittiwongwattana & Thawai, 2014; Roux et al., 2008; Valverde et al., 2010) , whereas a few strains also exhibited a predominance of either iso-C 15 : 0 (Kim et al., 2004) or C 16 : 0 (Suominen et al., 2003) .
The respiratory quinones of strain CC-Alfalfa-19
T were extracted according to the protocol of Minnikin et al. (1984) and analysed by reversed-phase HPLC according to the method of Collins (1985) with minor modifications (Shahina et al., 2013) . The diamino acid of the peptidoglycan was determined by TLC as described by Komagata & Suzuki (1987) .
Strain CC-Alfalfa-19
T contained MK-7 as the only respiratory quinone. Species of the genus Paenibacillus have been reported to possess MK-7 as the sole (Carro et al., 2014) or predominant respiratory quinone (Carro et al., 2013; Glaeser et al., 2013; Kämpfer et al., 2012; Kim et al., 2004; Kittiwongwattana & Thawai, 2014; Shida et al., 1997; Valverde et al., 2010) . The predominant diamino acid detected in the cell-wall peptidoglycan of strain CC- T was meso-diaminopimelic acid, which is in line with the data reported previously for species of the genus Paenibacillus (Carro et al., 2013 (Carro et al., , 2014 Kämpfer et al., 2012; Kim et al., 2004; Kittiwongwattana & Thawai, 2014; Priest, 2009; Shida et al., 1997; Valverde et al., 2010) .
The polar lipids of strain CC- T and the type strain of the type species of the genus Paenibacillus (P. polymyxa BCRC 11168 T ) were extracted and analysed by two-dimensional TLC (Embley & Wait, 1994) . For the determination of the DNA G+C content, the DNA of strain CC- T was subjected to thermal denaturation followed by enzymic digestion into nucleosides as described by Mesbah et al. (1989) . The resultant nucleoside mixture was separated and quantified by reversedphase HPLC with minor modifications as given by Shahina et al. (2013) .
The polar lipid pattern of strain CC- T was almost in line with that of P. polymyxa BCRC 11168 T (Fig. 2) . Strain CC-Alfalfa-19
T contained diphosphatidylglycerol, phosphatidylglycerol, phosphatidylmonomethylethanolamine, phosphatidylethanolamine, an unidentified glycolipid and an unidentified lipid as major polar lipids. In addition, an unidentified phospholipid was also found in trace amounts. Strain CC-Alfalfa-19
T can be distinguished from P. polymyxa BCRC 11168 T as the former exclusively contained an unidentified lipid and a phospholipid. Three unidentified phospholipids that were been reported previously in the type species (Kämpfer et al., 2006) were not detected in P. polymyxa BCRC 11168 T , probably be due to their low abundance. In addition, phosphatidylmonomethylethanolamine was reported to be absent in the type species (Kämpfer et al., 2006) ; however, the thin-layer chromatogram clearly revealed two overlapped lipid spots (labelled as PE) with typical chromatographic behaviour that corresponds to phosphatidylethanolamine and phosphatidylmonomethylethanolamine. In line with this, we identified these two polar lipids in P. polymyxa BCRC 11168 T as well as strain CC-Alfalfa-19 T (Fig. 2) . Interestingly, Paenibacillus endophyticus and Paenibacillus prosopidis are reported to lack phosphatidylmonomethylethanolamine (Carro et al., 2013 (Carro et al., , 2014 Valverde et al., 2010) , whereas it was found to be present in Paenibacillus lemnae and Paenibacillus vulneris (Glaeser et al., 2013; Kittiwongwattana & Thawai, 2014) . The present discrepancy in the detection is believed to be due to subtle variation in the chromatographic run conditions or poor resolution of the TLC spots. Thus, we recommend that particular attention should be given to localizing phosphatidylmonomethylethanolamine during future description of novel species of the genus Paenibacillus.
T had a DNA G+C content of 42.7 mol%. This value was well within the range reported for other strains used in this study (Table 1) as well as the documented range (39-54 mol%) available for species of the genus Paenibacillus in the literature (Shida et al., 1997) . Kim et al. (2004) . DData from Suominen et al. (2003) . dData from Carro et al. (2014) .
The phylogenetic distinctiveness, chemotaxonomic features and phenotypic evidence unambiguously support the classification of strain CC-Alfalfa-19 T as a representative of a novel species of the genus Paenibacillus affiliated with the family Paenibacillaceae, for which the name Paenibacillus medicaginis gen. nov., sp. nov. is proposed.
Description of Paenibacillus medicaginis sp. nov.
Paenibacillus medicaginis (me.di.ca9gi.nis N.L. gen. n. medicaginis of Medicago, isolated from a root nodule of Medicago sativa. L.).
Gram-stain-variable, non-motile and strictly aerobic short-rods (1.5-1.8|0.8-0.9 mm). Cells display unusual bipolar tufts of appendages with length ranging from 2.8 to 3.5 mm. Ellipsoidal endospores form in swollen sporangia in the central region of the cell. After 48 h of cultivation, colonies are non-pigmented, translucent, thin, smooth, regular, entire and 1.0-2.0 mm in diameter. Growth occurs at 20-40 uC (optimum, 30 uC), 0-2 % NaCl (optimum, 1 %) and pH 5-9 (optimum, pH 7). Catalase-positive and oxidase-negative. Positive for the nitrate reduction, citrate utilization and Voges-Proskauer test. Negative for fermentation of glucose, and production of H 2 S and indole. Positive for the hydrolysis of starch, casein, CM-cellulose, aesculin, gelatin, p-nitrophenyl-b-D-galactopyranoside and chitin; negative for ONPG, urea and xylan hydrolysis. Positive for the assimilation of arabinose and potassium gluconate; weakly positive for D-glucose and D-mannitol; negative for D-mannose, N-acetylglucosamine, maltose, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid. Positive for the activity of esterase (C4), esterase lipase (C8), a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase and b-glucosidase; weakly positive for leucine arylamidase; negative for arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase, alkaline phosphatase, lipase (C14), valine arylamidase, cystine arylamidase, trypsin, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. Positive for acid production from L-arabinose, Dribose, D-xylose, D-galactose, D-glucose, D-fructose, D-mannose, D-mannitol, N-acetylglucosamine, arbutin, aesculin ferric citrate, salicin, cellobiose, melibiose, sucrose, trehalose and raffinose; weakly positive for acid production from methyl a-D-glucopyranoside, amygdalin, lactose, and maltose; negative for acid production from glycerol, erythritol, D-arabinose, L-xylose, D-adonitol, methyl b-D-xylopyranoside, L-sorbose, L-rhamnose, dulcitol, inositol, D-sorbitol, methyl a-D-mannopyranoside, inulin, melezitose, starch, glycogen, xylitol, gentiobiose, turanose, D-lyxose, D-tagatose, D-fucose, L-fucose, D-arabitol, L-arabitol, potassium gluconate, potassium 2-ketogluconate and potassium 5-ketogluconate. Fatty acids comprise predominant amounts of anteiso-C 15 : 0 followed by C 16 : 0 , anteiso-C 17 : 0 and iso-C 16 . MK-7 is the sole respiratory quinone. Predominant diamino acid in the cell wall is meso-diaminopimelic acid. Polar lipids contain major amounts of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylmonomethylethanolamine, phosphatidylethanolamine, an unidentified glycolipid and an unidentified lipid. In addition, trace amounts of an unidentified phospholipid are also present.
The type strain is CC- T (5BCRC 80441 T 5JCM 18446 T ), which was isolated from a root nodule of alfalfa (Medicago sativa L.) in Taiwan. The DNA G+C content of the type strain is 42.7 mol%. DPG, diphosphatidylglycerol; PG, phosphatidylglycerol; PE, phosphatidylethanolamine; PME, phosphatidylmonomethylethanolamine; L, unidentified lipid; PL, unidentified phospholipid; GL, unidentified glycolipid.
